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In this issue of Developmental Cell, Iyengar and colleagues (2015) employ live imaging of melanocyte regen-
eration in adult zebrafish to define a bias in progenitor cell fates that enables both rapid pigment cell renewal
and maintenance of regenerative capacity.In the past decade, the cellular origins of
regenerating tissues in many animal spe-
cies, tissues, and injury contexts have
been illuminated. In most cases, cellular
mechanisms of regeneration have been
defined by retrospective genetic fate-
mapping approaches. Many tissues enlist
a stem cell pool, including skeletal muscle,
skin and skin appendages, brain, intestinal
epithelium, and blood. Other tissues
activate proliferation by differentiated cell
types like cardiomyocytes, hepatocytes,
or osteoblasts.
Schoolchildren, when asked to define a
stem cell, have been observed to answer
that stem cells are ‘‘magic’’ cells that
can make any tissue in your body. This
ingenuous invocation reflects the impor-
tance of stem cells in basic biology and
in therapeutic applications but also high-
lights what we have yet to learn. Inducible
genetic labeling of stem cells is powerful,
but the intricate, dynamic behaviors of
stem cells during regeneration can typi-
cally only be estimated or inferred. Live
surveillance more directly assesses stem
cells but is often challenged by tissue
architecture and accessibility. Recently,
advanced live imaging has permitted
direct monitoring of stem cells and their
progeny, providing an opportunity to
define and quantify key events like self-
renewal and differentiation (Hara et al.,
2014; Barbosa et al., 2015). In this issue
of Developmental Cell, Iyengar and col-
leagues (2015) use live-cell imaging to
follow progenitor cell fates in a highly
accessible, stem-cell-based model of re-
generation. The authors identify a mode
of progenitor cell population asymmetry
that ostensibly explains the capacity for
repeated cycles of regeneration.
Zebrafish receive their name from their
black melanocyte stripes, which, along
with the pigment cells comprising them,
have a high regenerative potential. Previ-ous studies have demonstrated that me-
lanocyte regeneration is dependent on a
progenitor cell pool and have identified
key molecular markers and requirements
for this regeneration (Rawls and Johnson,
2000; Dooley et al., 2013). Regeneration
can be observed on the surface of live
animals by monitoring pigmentation, and
transgenic vectors permit expression of
transgenes of interest in both precursors
and differentiated melanocytes.
To identify cellular principles of melano-
cyte regeneration, Iyengar et al. (2015)
first compared the effects of two different
methods to ablate cells of the melanocyte
lineage. First, they treated adult zebrafish
with the chelator neocuproine, which
induces death of all pigmented (differenti-
ated) melanocytes, presumably by cop-
per depletion (O’Reilly-Pol and Johnson,
2008). Following cell ablation, new, pig-
mented melanocytes regenerate, indi-
cating that the progenitor cell source
has been spared (Figure 1). In a second
approach, the authors engineered trans-
genic zebrafish to express nitroreductase
(NTR), which has been widely utilized for
genetic ablation in zebrafish (Curado
et al., 2007; Pisharath et al., 2007), under
the control of the mitfa promoter. When
exposed to the prodrug metronidazole
(Mtz), a toxic DNA-crosslinking com-
pound is produced in melanocytes by
NTR, and selective ablation ofmitfa+ cells
occurs. Interestingly, the authors show
thatmitfa:NTR adults are unable to regen-
erate melanocytes after Mtz treatment,
indicating that mitfa is expressed in both
differentiated melanocytes and all unpig-
mented progenitors of melanocytes.
To follow and directly visualize progeni-
tor cell fates, the authors expressed a
nuclear-localized EGFP under control of
zebrafish mitfa regulatory sequences. In
these experiments, they were able to iden-
tify unpigmentedmitfa+ cells in close prox-Developmental Cellimity to pigmented mitfa+ melanocytes.
The authors then directly tracked fates of
these unpigmented mitfa+ cells following
neocuproine-induced ablation of melano-
cytes. Interestingly, a substantial portion
(45%) of undifferentiatedmitfa:nlsEGFP+
progenitor cells differentiated into pig-
mented melanocytes in a process not in-
volving cell division. These results demon-
strate that melanocyte regeneration relies
mainly on the direct differentiation of
poised melanocyte progenitor cells. The
authors speculate that this poised mecha-
nism for regeneration may have evolved
under selection for quick action, given
the importance of pigment patterns for
predator evasion or intraspecies interac-
tions. It is also possible that direct differen-
tiation of conveniently situated precursors
is beneficial in contexts in which an intri-
cate pattern like stripes must be continu-
ally maintained.
Under this model, onemight expect that
regenerative capacity might be limited as
progenitor cells are lost to differentiation.
However, melanocyte regeneration was
preserved even after seven cycles of neo-
cuproine-induced ablation. Remarkably,
the number of mitfa:nlsEGFP+ progenitor
cells was preserved as well, indicating
that the melanocyte precursor pool is re-
tained during regeneration.
How is depletion of melanocytes pre-
vented? Time-lapse imaging of mitfa:
nlsEGFP+ cells during melanocyte regen-
eration revealed that a substantial portion
ofmitfa-expressing progenitor cells divide
to yield two mitfa-expressing daughters.
Most of the remaining melanocyte pro-
genitor cells divide symmetrically to yield
two undifferentiated progenitor cells, and
a minority of progenitor cells divide asym-
metrically to give rise to one progenitor
cell and one differentiated melanocyte.
These results indicate that melanocyte
progenitor pools are maintained primarily33, June 22, 2015 ª2015 Elsevier Inc. 623
Figure 1. Poised Regeneration of Zebrafish Melanocytes
(A) Iyengar and colleagues used two different melanocyte ablation methods. Neocuproine administration
kills differentiatedmelanocytes, resulting in newmelanocyte regeneration from spared progenitor cells. By
contrast, genetic ablation of allmitfa-expressing cells does not provoke regeneration, indicating an under-
lying population of mitfa+ progenitors. (B) Model of poised regeneration of adult zebrafish stripe melano-
cytes. Melanocyte regeneration relies mainly on the direct differentiation of poised resident melanocyte
progenitor cells without cell division and replenishment of melanocyte progenitor pools, primarily through
symmetric division of progenitor cells.
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This study addresses a central question
in regenerative biology. Classically, stem-
cell-based regeneration is presumed to
occur by asymmetric division, with a sin-
gle progenitor giving rise to progenitor
and differentiated cell daughters. How-
ever, such a mechanism might not ensure
a sufficient stock of progenitor cells for
particularly rapid tissue replacement. Ze-
brafish stripe regeneration occurs quickly,
and the observed binary activity of direct
progenitor differentiation and symmetric
progenitor division could well be critical
to this efficiency. It will be interesting
to examine other regeneration contexts
with similar approaches toward gener-
ating a panel of results one could use to624 Developmental Cell 33, June 22, 2015 ª2correlate progenitor cell proliferation dy-
namics with other features of the tissue
architecture or regenerative process.
This work also suggests that adult mela-
nocyte progenitors are heterogeneous
with respect to their proclivity to differen-
tiate, divide symmetrically, or divide
asymmetrically and that certain influences
balance these respective populations.
Revealing the underlying molecular cues
that guide melanocyte progenitor cell fate
is thus critical to advance the understand-
ing of this system. Iyengar and colleagues
(2015) examined the role of Wnt/b-catenin
signaling, a common player in stem cell
biology (Clevers and Nusse, 2012), and
discovered its requirement in the differ-
entiation of melanocyte progenitors. This
result raises additional straightforward015 Elsevier Inc.questions about how progenitor cell pools
are maintained. For example, which Wnt
ligands are involved and which cells and
factors control their release? How does
graded antagonism or augmentation of
Wnt signaling affect progenitor cell deci-
sions and regenerative efficiency? One
might predict based on the authors’ find-
ings that excessive Wnt signaling hastens
immediate regeneration by direct differen-
tiation, at the expenseof the progenitor cell
pool and future regenerative capacity. In
addition, the observation that thyroid hor-
mone affects homeostasis of the adult me-
lanocyte population (McMenamin et al.,
2014) implicates systemic factors like
endocrine signals in control of the progen-
itorpool.Revealingan intricatemechanism
for stem cell decisions in a tractable, visual
regeneration model system will enable a
more informative pursuit of molecular fac-
tors, and it can point to methodology for
boosting stemcell efficacy in poorly regen-
erative settings.ACKNOWLEDGMENTS
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